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Abstract. apparkB is a mobile parking payment application, which has been
developed and implemented in the city of Barcelona, Spain. We empirically
analyzed the awareness of Barcelona’s citizens of this service, the users’ satis‐
faction with it and their need to use it. Mobile applications are important services
in smart cities, as they support citizens’ daily tasks. To critically evaluate apparkB
we deployed the information service evaluation (ISE) model. In order to get data
on apparkB we applied an online survey, conducted interviews with Barcelona’s
smart city authorities, and performed rapid ethnographical field research in April
2016. Only a minority of Barcelona’s citizens use this service, as they do not
know it or do not use a car in the city. However, those who really use it articulate
a need and are satisfied with apparkB.
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1 Introduction

Why do we need more sustainable and commendable infrastructures in today’s everyday
life? One possible answer is that “population growth and increased urbanization raise a
variety of technical, social, economic and organizational problems that tend to jeop‐
ardize the economic and environmental sustainability of cities” [1]. Who matches up to
these challenges? For many researchers and practitioners, smart city developers do. They
step up to the plate and do not only “monitor, understand, analyze and plan the city”,
but also create an infrastructure that “improve[s] the efficiency, equity and quality of
life” for the people [2]. This article is a case study of the city of Barcelona, which is the
2nd largest city in Spain and is assumed to be one of the smartest cities in Europe [3].
As one of the smart services, Barcelona’s citizens have the possibility to use a mobile
application called apparkB to pay online for their parking ticket. Annoying situations
like running back to the parking automat to prolong the ticket or the searching for the
parking automat belong to the past. Which advantages has apparkB? Processes like
paying, locating the parked car and prolonging the parking ticket are possible with only
one mobile application, every time and everywhere. The basic idea of the smart appli‐
cation is easy to understand; however, do the citizens really use it? Our research is
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motivated by two questions. Do car drivers really need mobile parking payment? And,
are the car drivers satisfied with this smart service?

1.1 Smart City and Smart Services

Up to date there is no clear definition of the term “smart city” and the concept is often
characterized as fuzzy. According to Chourabi et al. [4], “the concept is used all over
the world with different nomenclatures, context, and meanings.” The improvement of
the efficiency, sustainability and quality of life are aims of the smart city development
projects. Fietkiewicz and Stock [5] summarized the existing definitions and introduced
a comprehensive definition of “smart city.” There are two sub-concepts – the broad and
the narrow one. The latter concentrates on the green sustainable development of a city.
Natural resources and energy, transport and mobility, and living conditions are in the
main focus [1]. “[S]mart economy, smart people, smart governance, smart mobility,
smart environment and smart living” are for Giffinger and Gudrun [6] essential and
necessary components of a broader view on a smart city. Additionally, “education,
healthcare, public safety” should also be recognized as essential infrastructure compo‐
nents [7]. The smart city in a broader sense is also labeled “Informational City,”
according to Castell’s prototypical city of the network society [8]. Castell’s theory
defines two kinds of spaces: space of flows (flow of information, capital and power) and
space of places (physical entities). Smart city research arrived at a new scientific disci‐
pline, namely “informational urbanism” [9].

The “smartness” of a city is defined by cognitive and the digital infrastructures [5].
For this case study, digital infrastructure (the information and communication (ICT)
infrastructure) is the determining one. However, the best smart city concept or imple‐
mentation of ICT is pointless if the citizens as well as the companies are not aware of
the transformation of “their” city into a smart city. As Neirotti et al. [1] point out, “cities
that are more equipped with ICT systems are not necessarily better cities.” Developers
require the right and needed ICT systems and smart services that are not isolated from
each other and adapted to the needs of a specific target group. “A smarter city should
be viewed as an organic whole – as a network, as a linked system” [10]. Cities that are
equipped with ICT have three attributes: they are instrumented, interconnected and
intelligent [11]. It is important to give the citizens the chance to “participate in the
governance and management of the city” [4]. ICT is one – indeed important – aspect,
but the use of ICT is another [12].

Mobile payment (m-payment) is a service which can be applied in smart cities [21–23].
M-payment organizes the interconnection between users’ “credit or debit cards, phone bills,
or prepaid deposits” and the mobile device [24]. It offers a convenient paying method from
wireless devices related to different kinds of purchases. The Near Field Communication
(NFC) supports m-payment. NFC “mobile payment has been emerging as a noticeable
phenomenon that can enable consumers to turn their smartphone into digital wallets” [13].
But not only NFC enables mobile payment, other short-range wireless technologies such as
Bluetooth, Infrared Data Association (IrDA) and Radio-Frequency Identification (RFID)
enable mobile payment, too [14]. Hu, Li and Hu [15] confirm that users from all over the
world appreciate mobile services such as mobile banking and m-payment. PaybyPhone
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enables to pay a ticket by mobile phone and makes the traditional parking meter obsolete.
Mainetti et al. [16] stressed out that with the upcoming of smart cities intelligent parking
systems boast necessity. “Drivers can spend a significant amount of time searching for
available spots” [17] while producing and disseminating real-time information to drivers
[17]. Related to parking meters, “over the years, the number of parking-system-related tech‐
nologies has increased” [18]. Fraifer and Fernström [18] introduce different options of
smart parking systems, such as Global Positioning Systems (GPS), RFID and other wire‐
less sensor network-based services. With the use of such systems, the user is able to be
informed about location and availability of parking spaces [18]. ApparkB is an application
of mobile payment used to pay for parking in Barcelona.

1.2 Barcelona

Barcelona has a long history and an infrastructure that developed since centuries. Due
to its geographical location, it became the main port, a popular touristic place and one
of the leading industrial clusters of Spain. “Barcelona is considered as a success story
in urban development across Europe” [3]. The city does not only get attention due to its
transformation into a smart city. “The popularity of Barcelona noticeably increased, and
it became attractive not only for tourism but also for talented people and business” [32].
Barcelona’s path to a smart city is also supported by the fact that the Smart City Expo
and World Congress took place for the first time in Barcelona in 2011 [19]. Barcelona’s
transformation into a smart city is characterized by “having a simple and effective, closer
to citizens, connected, ubiquitous, and innovative public (local) administration” [20].
Smart Services in Barcelona represents a broad spectrum, e.g. Barcelona WiFi, Open
Government (Open Data), Sharing Bicing Service and intelligent parking services. Some
of the smart city programs of Barcelona and the including projects did not only improve
the quality of life and the economic growth but also created 1,870 new jobs there [19].
Barcelona transformed its old and obsolete industrial zone “Poblenou” into a digital
district, called 22@district [21]. To be equitable towards today’s challenges, the 22@
district represent a “new model [of] knowledge urban space that encourages collabora‐
tion and synergies between universities, government and companies with the aim of
developing innovation and entrepreneurship together with the creation of a good quality
of life for its citizens” [21]. Considering the fact of the fast-growing developing progress
and implementation of services, the 22@ district creates an “urban laboratory for testing
future infrastructure and services” [21], called 22@ Urban Lab. Here, companies get
the chance to develop new products and to conduct tests with pilot projects. The focus
of these pilots is set on “the environment, energy, mobility, urban development and
telecommunication” [22]. Strength of the 22@district, besides promotion of talents, is
the enablement of clusters. According to Etzkowitz and Piqué [23], it is important to
connect different facilities (like universities, institutions and companies) within one
cluster. This way, the collaboration and the flow of knowledge between them is estab‐
lished and supported. Besides technical progress, it is also important to promote the ICT
skills. According to Fontova [24], the Media-TIC in the 22@district is characterized as
the main central point of the ICT community. Looking at the city’s internet presence, it
seems that the local government sees the necessity to keep up with other cities and
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advanced trends, as it presented a Digital City Plan from 2017–2020 with the aim “to
drive technological sovereignty for citizens.”

1.3 apparkB

The mobile application apparkB enables citizens of Barcelona to pay for their parking
time via smartphone. It is freely available both for Android and for iOS users. To use
the application to the fullest a registration is necessary. The registration process demands
information such as name, personal identification number and approval number of the
vehicle. In a next step, one has to enter the bank or credit card information. For the use
of apparkB, it is necessary to be connected to the internet. ApparkB users profit from
the possibility to prolong the parking time with their smartphone and not at the parking
meter on the street. Comfortable paying is also guaranteed. ApparkB’s users can prolong
the digital parking ticket from everywhere and every time, depending on the parking
time conditions. Furthermore, as the application works with GPS, it can help the user to
find the parked car. Additionally, the application operates as an alerting service. The
user can set the time when he wants to be remained of the remaining parking time. The
traffic control checks whether the parked car has a digital parking ticket also with a
mobile device [25].

To start the parking time, the user has to open the application, choose the parking
zone as well as the vehicle and push the button to start the parking counter. Figure 1
(left) shows that the user has a parking duration of 42 min. To complete the payment
and stop the parking the user must click on the blue button. The picture on the right of
Fig. 1 shows the location map around the parking lot.

Fig. 1. Surface of apparkB – payment process (left); location map (right). Source: http://
apps4bcn.cat/esp/app/apparkb-1/373/ (Color figure online)

2 Methods

The offer of smart services as apparkB in Barcelona does not necessarily have to be
successful considering the needs and satisfaction of citizens in smart cities. ApparkB
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represents a mobile application that supports the mobile payment and mobile prolonging
of parking tickets and the locating of the parked car. Our theoretical model framework
enabled us to evaluate users’ experience with this application.

2.1 Theoretical Model Framework

We have chosen the Information Service Evaluation (ISE) model [12] (Fig. 2) as our
evaluation framework. The dimension 1 (D1) of the ISE model concentrates on infor‐
mation services in general. According to Venkatesh and Davis [26], the success, the
adoption and the use of information technology is dependent on two important factors:
perceived usefulness and perceived ease of use. Perceived ease of use describes whether
a service operates efficiently or not [26]. Referred to the e-commerce, Gefen, Karahanna,
and Straub [27] point out that the factor trust is important as well. D1 measures the
perceived smart service quality and includes the aspects ease of use, usefulness and trust.

Fig. 2. Our research model

ISE’s dimension 2 (D2) represents the acceptance of a smart service. According to
Schumann and Stock [12], the dimension of acceptance includes the aspects of adoption,
usage, impact and diffusion. It is important to distinguish between adoption and usage.
Schumann and Stock [12] describe it concisely: “One can adopt a service and stop to
use it. And one can adopt it and use it permanently.” Within their evaluation framework,
the regular usage in everyday life usually results in behavior changes of some kind. This
phenomenon is called impact. If someone accepts a service, uses it and is satisfied with
it, then it is likely that he or she will recommend it to friends or family (the so-called
‘diffusion’). Every service needs a recommendation, as Venkatesh and Davis [26]
explained, that “a superior or co-worker suggests that a particular system might be
useful, a person may come to believe that it actually is useful, and in turn, form an
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intention to use it.” D2 measures the acceptance of a smart service and includes the
aspects use, impact and diffusion.

ISE’s dimension 3 (D3) represents the residents of a smart city. For our investigation,
it is important to find out if there is a correlation between perceived smart service quality
and the user’s need and satisfaction. The original dimension ‘information user’ by
Schumann and Stock [12] was adapted for this purpose. This case study concentrates
on the satisfaction of the users with the service, as it is an important indicator for the
product’s success. “To avoid wasting resources in this way it is useful to survey the user
satisfaction and to use the findings to inform the planning of product development” [28].
Satisfaction includes an element of need, because “if the system does not provide the
needed information, the user will become dissatisfied and look elsewhere” [29].
According to Lee and Pow [30], the satisfaction referred to a system is related “to the
ease of accessing, learning and using the system, user control, flexibility, robustness,
and so on.” Therefore, it is necessary to evaluate the satisfaction of users and to analyze
the aspects, which deteriorate or improve the satisfaction of a user. Furthermore, Doll
and Torkzadeh [31] point out that the analysis of the satisfaction of a user could be
compared with different aspects as “content, format, accuracy, ease of use, or timeli‐
ness.” In this way, the third dimension (D3) in this framework model inquires the
subjective satisfaction of the user and his or her needs.

The following research questions (RQs) are either general questions on Barcelona
as a smart city and on apparkB’s usage (RQ1 and 2) or aspects regarding the interrela‐
tionships between the dimensions of the ISE model (Fig. 2); they are the foundation of
this investigation.

• RQ1: Background information: How many people in Barcelona realize that they are
living in a smart city?

• RQ2: D2/Acceptance of apparkB: How many people use apparkB? How often do
they use it? Why do some people refuse to use it?

• RQ3: Are there correlations between the perceived smart service quality of apparkB
(D1), the acceptance of this smart service (D2) and the user characteristics in terms
of needs and satisfaction (D3)?

2.2 Practical Framework

In order to answer the three research questions an online survey was developed and
distributed in Barcelona using social media and e-mail contacts. The online survey was
based on a seven-point Likert scale (1 – “Strongly disagree” up to 7 – “Strongly agree”).

Furthermore, to understand the progress and concept of Barcelona’s smart city it was
essential to conduct a case study combined with a rapid ethnographical field research
before the survey was developed. Case studies are used to develop a theory based on
the executed case study. The data collected in a recently executed case studies leads to
a theory based on “novelty, testability, and empirical validity, which arise[s] from the
intimate linkage with empirical evidence” [32]. A case study is a good way to gather
information on unexplored or marginally explored research fields and develop a theory
based on the gathered data. Furthermore, the case study “is useful in early stages of
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research on a topic or when a fresh perspective is needed, while the latter is useful in
later stages of knowledge” [32]. The aim of this case study is to find out if the residents
of Barcelona use some of the smart services, if so, how often do they use them and why,
or what are the reasons for not using the services. The results of the research are of
importance for either improving or implementing smart city services in other cities or
countries, especially pertaining to their advantages or disadvantages. The case study and
the ethnographical field research, which is “a style of research that lays down the proce‐
dural rules for how to study people in naturally occurring setting or ‘fields’ by means
that capture their social meaning and ordinary activities” [33] enables a real impression
about the city, citizens and services by being on location. We conducted a “rapid”
ethnography. Baines and Cunningham [34] describe the rapid ethnographical research
as “a form of multi-method ethnography involving data collection from numerous
sources over a relatively short period including interviews, participant observations,
document review and sometimes surveys and focus groups.” According to Millen [35],
the rapid ethnographical field research has the potential “to provide a richer field expe‐
rience for a smaller amount of time in the field.”

Both strategies, the case study as well as the ethnographical field research, employ
interviews as a research method. Qu and Dumay [36] point out that this kind of method
is one of the strongest ones to collect qualitative data. The interviews with authorities
responsible for the Barcelona smart city strategy and services enable a good under‐
standing of the goals and vision of the project. The semi-structured interview method
includes prepared questions, which are “guided by identified themes in a consistent and
systematic manner interposed with proves designed to elicit more elaborate
responses” [36].

Barcelona was visited in April 2016 for eight days, and nine authorities of Barcelona’s
smart city services were interviewed on-site. Additionally, 131 participants from Barcelona
completed the questionnaire.

3 Results

3.1 Perceived Smartness of Barcelona (RQ1)

It is interesting to analyze if residents living in Barcelona also know that their city is
labeled as a smart city and what a smart city is exactly. Figure 3 shows that 57% of 131
participants know that Barcelona is labeled as smart city and 49% have basic knowledge
on the definition of a smart city. Since even researchers are not in agreement about smart
city’s definition, this is a surprising result.

Do Car Drivers Really Need Mobile Parking Payment? 247



Fig. 3. Awareness of smart city definition and Barcelona being a smart city

3.2 Usage of apparkB (RQ2)

Related to apparkB, Fig. 4 shows that only 8% do actually use the application for paying
their parking ticket or to locate their parked car. 27% do know the application, but do
not use it. Why do most respondents do not use apparkB? Many participants (62%) do
not know the app. Other participants stated that they do not need the app, as they do not
drive into the city or only use free parking places (Fig. 5). Other occasionally mentioned
reasons are that the participants are not satisfied with the application as it does not work
properly or that the application requires too much personal information.

Fig. 4. Using distribution related to apparkB
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Fig. 5. Reasons for rejecting the apparkB; multiple answers were possible (non-users only)

Figure 6 shows that two out of eleven active apparkB customers use the application
several times a day (18%). The second most used time interval is several times a week.
18% of the customers use the app once a week. However, the majority of participants
use apparkB less than once a week (36%).

Fig. 6. Use distribution related to apparkB (users only)

Now we arrive at users’ assessment of the apparkB project. For the analysis of each
statement listed in Fig. 7, the median values were computed. The statements about
apparkB generate an impression how the participants perceived the service’s impact and
functions. Participants confirm the usability of the application as they agree that it is
easy to use (median: 6). Also, the service of locating the parked car is very well received
(6). The customers nearly always confirm that the payment via the application does work
without technical problems (6). However, apparkB does not offer the feature of finding
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a free parking space (3), and users would welcome such a service. One of the project’s
main impacts is the replacement of the manual parking meter (7). The function to prolong
a ticket does not fully convince the residents, when looking at the median value (4.5).
However, participants emphasize the usability of the app, since prolonging the parking
ticket with the application is easier than with the manual parking meter (6). It is easy to
register as a user (6). Furthermore, the users have no trust problems to transmit the credit
card and bank information (6). The participants confirm that the application satisfied
their demands (6). They would recommend the service to friends or family members
that do not know it (6). In the end, the participants totally agreed that they would recom‐
mend apparkB for other cities, too (7).

Fig. 7. Statements on apparkB (users only)

3.3 Correlations Between apparkB’s Perceived Quality, Acceptance and Users’
Characteristics (RQ3)

The survey included several different questions about the apparkB. The internal consis‐
tency of the dimensions was tested with Cronbach’s α. A positive correlation has to be
interpreted bidirectional as the variance is not calculated by deeper analysis. As our data
are on an ordinal scale, we calculated a rank correlation applying Spearman’s rho.

Is there a rank correlation between the perceived smart service quality (D1) and the
acceptance of smart service (D2)? The only indicator from D1 that significantly
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correlates with indicators of D2 is Usefulness (+.654* with Impact, +.730* with Diffu‐
sion and even +.762** with Use) (Table 1). The more apparkB is perceived as useful,
the more it is used, has more impact and tends to diffuse into society, generally, the more
it is accepted. Perceived ease of use only plays a minor role when it comes to acceptance
of this smart service. Considering the correlations between D1 and D3 (user), again
Usefulness is essential. It correlates significantly with both, Satisfaction (+.614*) as
well as Need (+.759**). The more apparkB is perceived useful the more it is satisfying
and meets the users’ needs.

Table 1. Bivariate rank correlation (Spearman’s rho) between perceived smart service quality
(D1), smart service acceptance (D2) and user (D3)

Dimension 1 Dimension 2 Dimension 3
N = 11 Ease of use Usefulness Trust Use Impact Diffusion Need Satisfaction
Ease of use 1 .544 .206 .130 .481 .332 .337 .564
Usefulness .544 1 .244 .762** .654 .730* .759** .614*
Trust .206 .244 1 −.010 .257 .333 .306 .366
Use .130 .762** −.010 1 .298 .785** .845** .276
Impact .481 .654* .257 .298 1 .234 .394 .629*
Diffusion .332 .730* .333 .785** .234 1 .824** .579
Need .337 .759** .306 .845** .394 .824** 1 .393
Satisfaction .564 .614* .366 .276 .629 .579 .393 1

* p < .05, ** p < .01, *** p < .001

For indicators of D2 and D3, there is a strong correlation between Need and Use
(+.845**), Need and Diffusion (+.824**) as well as between Satisfaction and Impact
(+.629*). The more apparkB is needed by the users the more the customers will use
it and it will diffuse to new users. The more users are satisfied the more impact
apparkB has on them. Additionally, there is an important significant correlation
between two indicators within dimension 2. Diffusion highly correlates with Use (+.
785**), meaning the more apparkB is used the more it will diffuse into society. If a
smart service as apparkB satisfies the users’ needs, it is perceived as useful. Useful‐
ness in turn has strong relations to use, impact and diffusion. Ease of use and trust
only exhibit weak relations to acceptance.

4 Discussion

Rapid ethnographical field research and semi-structured interviews showed that Barce‐
lona is not overloaded with high number of ICT services. ICT related services are merely
implemented in areas where the residents really need them. One interviewee defined this
idea as “the development and implementation of a symmetrical infrastructure.” Being
able to decide, if services need to be implemented in specific areas is important to avoid
unnecessary costs and to ensure the maximum benefit for the citizens.

The critical evaluation of the service apparkB in Barcelona shows that only a
minority of the participants use this application, because the majority simply has no car
in the city (it is not fun to drive in Barcelona). Nevertheless, 8% of all our participants
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are satisfied with the smart city service and do need it. Obviously, apparkB satisfies
those users’ needs and leads to its use. Based on the outcomes of the survey, it is not the
missing satisfaction, the trust or the ease of use why people avoid the application. The
pivotal question is, “is there a need to drive and to park in the city?” Citizens in metro‐
polises often use public transport possibilities and leave the car at home. Traffic jam, no
parking places or too expensive parking spaces are typical motives to not use a car.
During the rapid ethnographical field research, we observed a lot of citizens using a
bicycle or public transport possibilities. They obviously do not need apparkB. It also
raises the question, whether smart city projects should encourage car holders to drive
into the city, by offering such applications. Smart city idea is also linked to a sustainable
development and green city infrastructure. Therefore, it is more advisable to allocate
the resources and ICT technology to developing a more efficient public transport,
supporting car-sharing, or use of alternatives to the own car. Making the usage of cars
in the city center easier with help of parking applications contradicts this idea. Divorced
from the smart city context, it is indeed a good and convenient alternative to manual
parking meters.

Nevertheless, by using and implementing ICT (like the introduced mobile applica‐
tions) manual procedures like parking meters become obsolete. As today the most people
have a mobile phone, developers use this possibility to improve the life quality by
simplifying the daily tasks. In the current state of technology, a mobile phone is not only
a device for communication it also could be used as a digital wallet, since payment for
parking time is possible. Additionally, the results show that parking applications do not
only offer a comfortable payment, but also prolonging of the parking time and ticket.

This research makes clear that the critical evaluation of services in smart cities is not
only a “nice” option but rather a necessity. With the use of evaluation models, developers
and researchers get a feedback, if the citizens really need such services. Furthermore,
our research shows that the success of a service depends on different indicators, including
the users’ needs, the service’s perceived usefulness, its impact on users’ behavior, and
the extend of use.
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